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The authors examined the effect of women's lifestyles on the timing of natural menopause using data from a cross-sectional questionnaire used in the United Kingdom-based Breakthrough Generations Study in [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] . The analyses included 50,678 women (21,511 who had experienced a natural menopause) who were 40-98 years of age at study entry and did not have a history of breast cancer. Cox competing risks proportional hazards models were fitted to examine the relation of age at natural menopause to lifestyle and anthropometric factors. Results were adjusted for age at reporting, smoking status at menopause, parity, and body mass index at age 40 years, as appropriate. All P values were 2-sided. High adult weight (P trend < 0.001), high body mass index (P trend < 0.001), weight gain between the ages of 20 and 40 years (P trend ¼ 0.01), not smoking (P < 0.001), increased alcohol consumption (P trend < 0.001), regular strenuous exercise (P < 0.01), and not being a vegetarian (P < 0.001) were associated with older age at menopause. Neither height nor history of an eating disorder was associated with menopausal age. These findings show the importance of lifestyle factors in determining menopausal age. alcohol drinking; body mass index; diet, vegetarian; exercise; menopause; weight gain Abbreviations: BGS, Breakthrough Generations Study; BMI, body mass index; HR, hazard ratio; HT, hormone therapy.
Menopause represents the end of a woman's reproductive life, but fertility begins to decline rapidly several years before the onset of menopause (1) . Moreover, menopausal age is a known risk factor for several chronic diseases; for example, older age at menopause increases the risk of breast cancer (2) . Factors that determine menopausal age, especially those that are modifiable, are therefore of interest.
On average, natural menopause occurs between the ages of 48 and 52 years in American and European populations (3), but it can vary greatly between individuals. At the extreme end of the spectrum, approximately 1% of women reach menopause before 40 years of age (4) . Genetic factors (5) , cigarette smoking around the time of menopause (6) , and nulliparity (6) are associated with earlier menopause. However, there are few other established risk factors, and the effects of a woman's body size, exercise habits, and diet on her subsequent menopausal age are not known. These factors are of interest because they affect menarcheal age (7) and other reproductive processes, such as menstrual cycle length (8) , and therefore might alter the age at menopause. Cross-sectional data from 50,678 women participating in the Breakthrough Generations Study (BGS), a longitudinal study of breast cancer risk factors, were analyzed to examine the effects of lifestyle factors on menopausal age.
MATERIALS AND METHODS

Breakthrough Generations Study
The BGS, which has been described in detail elsewhere (9) , is a cohort study of women 16 years of age or older living in the United Kingdom. Its primary aim is to investigate breast cancer etiology, and it has been approved by the South Thames Multicentre Research Ethics Committee. The initial recruits were registered supporters of the Breakthrough Breast Cancer charity (4.2%) and women who referred themselves to the study (24.6%). Participants could nominate other women to join the study, and most participants were recruited using this method (71.2%).
Between June 2003 and April 2011, a total of 112,059 women joined the BGS by completing a detailed baseline questionnaire sent via mail. This questionnaire asked about the participants' menopause, hormone use, anthropometric measurements, exercise habits, and diet, among other things. The participants who joined earliest have been sent follow-up questionnaires, the second of which also asked about the participant's menopause (n ¼ 16,329; mean follow-up length ¼ 5.8 years).
Subjects
BGS participants were potentially eligible for these analyses if at baseline they were 40 years of age or older and had not had breast cancer or ductal carcinoma in situ (n ¼ 71,586). Subjects were excluded if their last reported nonhormonally induced menses occurred before 40 years of age (because premature ovarian failure (natural menopause before age 40 years) might have a different etiology than typical menopause (10); n ¼ 10,434) or after 62 years of age (because these ages were probably erroneous; n ¼ 18). Women were also excluded if they had an unknown menopausal status (n ¼ 2,187), age at last menstrual period (n ¼ 3,559), cause of menopause (n ¼ 71), or smoking status, because these factors were included in all analyses (n ¼ 477; data were complete for all participants for the other potentially confounding variables). If 2 first-degree relatives were eligible for the analyses, only one of the pair was included (n excluded ¼ 4,162). If only one had had a natural menopause, she was included; otherwise, the younger relative was included. The above exclusions left 50,678 women whose data were analyzed.
Endpoints
The outcome of interest was age at natural menopause, but the analysis method allowed premenopausal women to contribute person-years even if they did not reach natural menopause during the study period. Thus, women were also included in these analyses if they had had a medically induced menopause, were using hormone therapy (HT) or any type of hormonal contraception when their menopause occurred, or were premenopausal at baseline. The medically induced menopause group comprised women whose menopause had been induced by surgery (hysterectomy and/or bilateral oophorectomy) or other treatment, such as chemotherapy or endometrial ablation. Women were only included in the HT or hormonal contraception group if their menopausal age or status was masked by this treatment; therefore, if menopause occurred at least 1 year before treatment began or if they had stopped treatment at least 1 year before menopause occurred, they were included in either the natural or medically induced menopause group, as appropriate.
Menopausal status at follow-up was used for women who were premenopausal at baseline but provided menopausal information on the follow-up questionnaire. Therefore, ''last follow-up'' refers to baseline for most participants (96.3%) and to the follow-up questionnaire for 3.7% of the participants.
Age at menopause was reported in response to the question, ''How old were you when your periods stopped completely?'' Answers were recorded as the last completed year. Cause of menopause was determined by asking, ''What was the reason for your periods stopping?'' Various response options included ''natural menopause,'' ''surgical menopause,'' and ''chemotherapy, radiotherapy, or other treatment.'' Detailed information on HT and hormonal contraceptive use was obtained from questions that included, for each episode of treatment use, the age of starting and stopping use and whether there was current use.
Explanatory variables
The explanatory variables analyzed were from the baseline questionnaire. The body size variables comprised recalled weight at age 40 years, current height, body mass index (BMI, calculated as weight (kg)/height (m)
2 ) at age 40 years, and weight change from ages 20 to 40 years (calculated from recalled weights at these ages). Exercise was reported as the average number of hours per week that the subject participated in strenuous exercise (defined as exercise that ''gets you out of breath and causes substantial sweating'') at ages 30-49 years. Participants were categorized as never smokers, ex-smokers, or current smokers based on their smoking status at the endpoint (i.e., at menopause, start of HT or hormonal contraceptive use, or last follow-up for premenopausal women). The diet variables comprised alcohol consumption (average units per week at ages 25-49 years calculated from average number of each type of alcoholic drink per week), vegetarianism at age 40 years, and history of an eating disorder. Eating disorders were restricted to disorders that caused the participant to lose weight and either consult a doctor or lose her periods temporarily; most instances were cases of anorexia nervosa or bulimia nervosa. These disorders are referred to as ''anorexia-type disorders'' for brevity. Disorders that occurred after 15 years of age were only included if the subject's lowest BMI due to the disorder was below 17.5. If the disorder occurred before 16 years of age, BMI could not be calculated because an absolute measure of childhood height was not available, so disorders at these ages were included irrespective of (unknown) BMI. For quantitative variables, cutpoints were defined so that each group contained approximately equal numbers of participants unless a standard definition was more appropriate.
Statistical analysis
The data were analyzed with Stata, version 10.1 (11), using survival analysis methods, so that each woman contributed information while she remained premenopausal. Natural menopause was treated as the outcome of interest, and medically induced menopause and HT or hormonal contraceptive use were treated as competing risks (i.e., alternative outcomes that were not of interest) (12) , with age at last non-hormonally induced menses taken as the endpoint for each of these outcomes. Premenopausal women were censored at last follow-up. We fitted Cox proportional hazards models that took competing risks into account (12) and used them to estimate hazard ratios, which are the risk of becoming naturally menopausal at each age. Thus, a hazard ratio less than 1 implies that the variable was associated with a later menopause, and a hazard ratio greater than 1 implies that the variable was associated with an earlier menopause. This standard analysis method (6, 13, 14) was used because women who have a medically induced menopause or use HT are not representative of a random sample of the population (e.g., nonsmokers and overweight women are more likely to have a hysterectomy after age 50 years (15)) and are not censored at randomly distributed times (e.g., most women begin using HT shortly before their natural menopause) and because the number of years for which they remain premenopausal can be informative.
Models were adjusted for age at the last follow-up (continuous), smoking status (categorical), and parity (continuous). Models that included the weight change, exercise, and diet variables were also adjusted for BMI at 40 years of age (continuous). Analyses were repeated in the subset of participants who were 55-65 years of age at the last follow-up (n ¼ 21,049) to assess the possible impact of recall errors, which might be greater in older women, and the inclusion of premenopausal women on the findings. All P values were 2-sided. Figure 1 . Distribution of self-reported age at natural menopause, by age at last follow-up, Breakthrough Generations Study, United Kingdom, 2003-2011. Shown is the percentage of women who reported natural menopause at each age among all women who were at least that age at last follow-up because the distribution of crude numbers of subjects by age at menopause was biased, as it was dependent on the chronologic ages of the study population (i.e., a woman who was 50 years of age at the last follow-up could not have reported a menopausal age older than that). Women whose menopause occurred before 40 years of age were not included in these analyses.
RESULTS
Description of the subjects Table 1 shows descriptive characteristics of the 50,678 women included in these analyses. On average, they were 54.9 years of age at the last follow-up (range, 40-98 years). Natural menopause was reported by 21,511 women (42.4%). Figure 1 shows the distribution of their reported menopausal ages (Kaplan-Meier median ¼ 52 years; range, 40-62 years). Digit preference was present, particularly among older women, with more women reporting menopause at age 50 years than at ages 49 and 51 years. Of the remaining women, 11.4% had had a medically induced menopause, 14.3% had their menopause masked by HT or hormonal contraception, and 31.8% were premenopausal.
Factors affecting menopausal age
After adjustment for age at last follow-up, smoking status, and parity (Table 2 ), age at menopause increased with increasing weight (P trend < 0.001) and BMI (P trend < 0.001) at 40 years of age but was not associated with height (P trend ¼ 0.07). The BMI association was stronger than was the weight association. Age at menopause increased with greater weight gain between the ages of 20 and 40 years (P trend ¼ 0.01, Table 2 ) and with higher parity (P trend < 0.001). Current smokers had a significantly earlier menopause than did never smokers (hazard ratio (HR) ¼ 1.34, P < 0.001), who in turn had an earlier menopause than did ex-smokers. Independent of smoking and other confounders, menopause was later in women who regularly consumed alcohol (P trend < 0.001, Table 2 ).
Compared with women who did not exercise, women who did any regular strenuous exercise (mean ¼ 3.2 hours/week) had a significantly later menopause (P < 0.01, Table 2 ). This difference remained after adjustment for menstrual cycle length at 40 years of age, but there was not a linear trend with increasing levels of exercise (data not shown). Vegetarians reached menopause at a mean age of 50.1 years, which was significantly earlier than nonvegetarians (mean menopausal age ¼ 50.7 years, HR ¼ 1.12; P < 0.001). The effect was present regardless of whether the woman became vegetarian before 20 years of age or between the ages of 20 and 40 years (data not shown).
History of an anorexia-type eating disorder was not associated with menopausal age (P ¼ 0.60, Table 2 ). Furthermore, there was no effect when data were split by age at onset of eating disorder (<20 or 20-40 years, P ¼ 0.82; data not shown) or by lowest BMI due to an eating disorder (<15.5 or 15.5-17.5, P ¼ 0.83; data not shown). Generally, findings were similar after restricting analyses to women who were 55-65 years of age at baseline, except that the associations with weight gain (P trend ¼ 0.48) and exercise (P ¼ 0.34) were weaker (data not shown).
Further analysis of the BMI association
The relation between BMI and menopausal age was reanalyzed after accounting for factors that others have suggested might confound the association. The positive association with BMI was present among never smokers (P trend < 0.001) and ex-smokers (P trend < 0.001) but not current smokers (P trend ¼ 0.51; data not shown). Moreover, the association with BMI was similar after adjustment for menstrual cycle length (n ¼ 39,501) or irregular cycles (n ¼ 44,335) at 40 years of age or maternal BMI at 20 years of age (n ¼ 957; this factor was only available if the mother was also a BGS participant), in addition to age at follow-up, smoking status, and parity (data not shown). However, in analyses restricted to women who had reached menopause at least 5 years before study entry and thus who were unlikely to be incorrectly classified as postmenopausal, the trend with BMI was present but weaker (unrestricted HR trend ¼ 0.93, P < 0.001; restricted HR trend ¼ 0.97, P ¼ 0.02).
DISCUSSION
When interpreting our results, it is important to remember that the large sample size can lead to small effect sizes being statistically significant. As a context, smoking status is generally accepted as a strong determinant of age at menopause, with menopause occurring 1-2 years earlier in current smokers than in nonsmokers (16) (17) (18) . Our data agree with this, and the corresponding hazard ratio was 1.3; that is, current smokers were 30% more likely to become postmenopausal at a given age than were nonsmokers. The other significant hazard ratios were of the order of 5%-15%, suggesting that these factors contribute to menopausal age but do so to a lesser extent than does smoking. Other than for smoking status, the significant differences equated to a difference in menopausal age of at most 1 year.
Natural menopause probably occurs when there are too few ovarian follicles for ovulation to continue (19) . The number of primordial follicles (precursors to ovarian follicles) is established prenatally, and this number declines as follicles are either ovulated or, more commonly, lost to atresia. Therefore, risk factors for menopausal age probably affect the initial number of follicles, the rate at which follicles are lost, or both.
Despite extensive study, no clear association between absolute or relative weight and menopausal age has emerged from the literature. Existing research has suggested, but not uniformly (6, 20, 21) , that a higher BMI might cause a later menopause (13, 22, 23) , and our findings support this. The conflicting findings might be due to overweight women being more likely to have irregular cycles and thus being more likely to incorrectly classify themselves as postmenopausal, thereby obscuring any effect of BMI (24) . To examine whether this had affected the present findings, we reanalyzed the BMI association among women who had reached menopause at least 5 years before they joined the study and hence were unlikely to have been incorrectly classified as postmenopausal. Among this group, the effect of BMI was attenuated, suggesting that misclassification explained part of the association, but a significantly later menopause among obese women was still present.
There are several hypotheses regarding the positive association with BMI, and we were able to examine these using the detailed exposure data that we held. For example, it has been suggested that overweight women have a later menopause because they have longer menstrual cycles and thus lose follicles at a slower rate, because of confounding by smoking (as smokers are less likely to be overweight than are nonsmokers (15)), or because their mothers were better nourished and therefore heavier, which could have affected the initial number of follicles that were established prenatally (15, 25) . However, we found that adjustment for these factors did not remove the positive risk. The absence of a confounding effect of smoking status that we found is consistent with other reports (15, 21) .
The relation between BMI and menopausal age might be mediated by weight changes over time. Previous findings for weight gain and menopausal age were inconsistent, possibly because of differing methodologies (26) , with various studies showing either no association (14) , a positive association (23, 26) , or an inverse association (20) . In the present study, a greater weight gain from 20 to 40 years of age was associated with a later menopause after adjustment for BMI at age 40 years and other factors. It has been suggested that BMI (13) and/or weight gain (26) affect menopausal age because of the effects of increased adipose tissue on endogenous hormone concentrations, particularly estrogens. We could not test this directly, but our finding that BMI was more strongly associated with menopausal age than was weight supports this idea because it suggests that fat levels are important. Various hormones, including estradiol (13), Table continues leptin (26), and follicle-stimulating hormone (27) , might play a role, but the mechanisms by which they could delay menopause are currently unclear (25, 26) . Approximately 27% of women in the BGS were overweight or obese, compared with 57% of English women (28) and 64% of US women (29) . This difference in weight distribution is unlikely to have affected the validity of our results, however, as it is unlikely that women in different BMI groups joined the BGS differently dependent on their age at menopause.
Most studies have found no association between exercise habits and menopausal age, but many did not account for BMI (6, 18, 20, (30) (31) (32) (33) . However, increased exercise was found to be related to a later menopause in 2 studies (23, 34) . We found that strenuous exercise was associated with a slightly later menopause after accounting for BMI and other factors. There was, however, no evidence of a trend. Notably, both strenuous exercise (which one might expect to be associated with not having a high BMI) and a high BMI were associated with a late menopause, which seems counterintuitive. However, these associations could plausibly have evolutionary origins because a high BMI would suggest a plentiful diet and high exercise would suggest fitness, both of which might be desirable for continuing reproduction. The mechanisms by which exercise might increase age at menopause are not known (23) . High levels of exercise disrupt menstrual cycles (35) , but adjustment for cycle irregularity and length did not explain the association.
Our findings suggest that dietary factors may affect age at menopause: Alcohol consumption and nonvegetarianism were associated with later menopause independent of BMI and other factors. A positive association between alcohol consumption and age at menopause has previously been observed in the United Kingdom (36) and United States (16, 24, 30) , but reports from other countries, including China, Norway, and Germany, generally have shown no association (18, 23, (31) (32) (33) . Moderate alcohol consumption leads to higher estrogen levels in premenopausal women (37) , again suggesting that premenopausal estrogen concentrations might affect age at menopause.
An earlier menopause among vegetarians was first noted in 1988 (38) , and though there has been little further of women for whom we were missing data by variable: weight, n ¼ 2,628; height, n ¼ 737; body mass index, n ¼ 3,262; weight change, n ¼ 2,785; parity, n ¼ 0; smoking status, n ¼ 0; alcohol consumption, n ¼ 1,795; exercise level, n ¼ 27; vegetarian, n ¼ 4,345; eating disorder, n ¼ 530.
b Calculated using Kaplan-Meier estimates. c A hazard ratio greater than 1 indicates that the risk factor was associated with an earlier natural menopause and a hazard ratio less than 1 indicates that the risk factor was associated with a later menopause. All models were adjusted for age at last follow-up (continuous), parity (continuous, except for the parity analyses), and smoking status (nonsmoker, ex-smoker, and current smoker, except for the smoking analyses). The weight change, parity, smoking status, alcohol consumption, exercise, and diet analyses were also adjusted for body mass index at 40 years of age (continuous). Hazard ratios were estimated using Cox competing risks proportional hazards models with natural menopause as the event of interest. Medically induced menopause and use of hormone therapy or hormonal contraception that masked age at menopause were treated as competing risks. Premenopausal women were censored.
d P heterogeneity is the P value for heterogeneity of the hazard ratios and was estimated using the Wald test under the null hypothesis that each hazard ratio was equal to 1. P trend is the P value for trend of the hazard ratios and was estimated by scoring the categories as 1, 2, 3, and so on, and fitting a linear term in the Cox competing risks proportional hazards models. All P values were 2-sided.
e Weight (kg)/height (m) research since then, the few studies that have been conducted have consistently found that menopause occurs earlier among vegetarians (32, 36, 38) . Furthermore, among meat eaters, higher levels of meat consumption have been linked to later menopause (32, 36) , suggesting a causal relation. Although the clearest difference between the diets of vegetarians and meat-eaters is meat consumption, their diets differ in other ways too, and thus the association could alternatively be a result of these differences. For example, vegetarians tend to have diets that contain higher levels of fiber, which is associated with lower estrogen levels (39).
Our study relied on recalled data, but menopausal age seems to have been recalled with reasonable accuracy because the well-known association with smoking status was present (16) (17) (18) , and findings were similar among women 65 years of age or younger for whom recall errors might have been smaller. Furthermore, it seems unlikely that recall of weight and the other explanatory variables, which were also subject to some digit preference, would differ by menopausal age in a study of breast cancer etiology. Likewise, digit preference in the reporting of menopausal age appeared to be present, but it is highly unlikely to be differential with respect to the risk factors and so should not have affected the results.
A survivor bias might have been present because menopausal age relates to risks of certain diseases and all-cause mortality (40) . Furthermore, the older study participants were more likely to recall their menopausal age with digit preference. However, analyses in which we excluded the oldest participants produced results similar to those of the unrestricted analyses.
A large proportion of women in the youngest age groups had not yet reached menopause, but the analysis methods, which are standard for this type of study (6, 13, 14) , allowed for their inclusion because the number of premenopausal years was the variable of interest and the eventual outcome was accounted for in the analysis. Indeed, if only women who had reached natural menopause had been analyzed, in the youngest age groups, there would have been a bias. Women who had had a relatively early menopause would have been included and women with a late menopause that was yet to occur would have been excluded. However, to confirm that the inclusion of women in the youngest age groups had not affected our results, we reanalyzed the data for only women who were 55-65 years of age, and the results were similar.
The BGS comprises self-selected women who are, on average, of higher socioeconomic status than the general United Kingdom population. It seems unlikely, however, that they would have self-selected on the basis of relations between menopausal age and other variables, as the avowed purpose of the BGS is investigation of breast cancer etiology, not menopause per se.
These analyses excluded participants with a history of breast cancer. Because late age at menopause is a risk factor for breast cancer (2), the average menopausal age in these analyses might have been slightly lower than in the total national population. However, the associations with risk factors were unlikely to have been affected because they were based on comparisons within the study population. The strengths of the present study include the detailed exposure and outcome information available, in addition to the size of the BGS, which to our knowledge is by far the largest study in which the risk factors shown have been studied (except for smoking status and BMI (13) ).
In summary, menopause occurred later among women with a high weight or BMI and, independently, among women who gained weight between the ages of 20 and 40 years, regularly exercised, regularly consumed high levels of alcohol, or consumed meat. These findings show that menopausal age is partly determined by lifestyle factors.
